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(57) ABSTRACT

A method of forming a capacitor includes the following
steps. First, a substrate 1s provided. A dielectric layer 1s
formed over the substrate. A first patterning process 1s
performed to form a first contact plug through the whole
thickness of the dielectric layer and a second patterming
process 1s performed to form a second contact plug in the
dielectric layer and spaced apart from the first contact plug
in a pre-determined distance, wherein the first contact plug
and the second contact plug are capacitively coupled.
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INTRA-METAL CAPACITOR AND METHOD
OF FORMING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS 5

This 1s a division of U.S. application Ser. No. 15/365,906
filed on Nov. 30, 2016. The above-mentioned applications

are included 1n their entirety herein by reference.
10

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a semiconduc-
tor structure, and more particularly to a semiconductor 15
structure comprising an intra-metal capacitor with an adjust-
able spacing between electrodes.

2. Description of the Prior Art

Passive components such as capacitors are widely used in
an integrated circuit. Various types ol capacitors may be 20
formed conveniently incorporated with the process of con-
structing the integrated circuit by modern semiconductor
manufacturing technology to fulfill different applications,
such as junction capacitors, gate capacitors, and metal-to-
poly or metal-to-metal capacitors. Among these various 25
types ol capacitors, metal-to-metal capacitors are known for
better precision, predictable capacitance linearity and higher
breakdown voltage, and therefore have been the mostly
adopted type of capacitor in an integrated circuit, especially
when a higher capacitance density 1s demanded. 30

A metal-to-metal capacitor may be formed by stacking the
metal electrodes on top of one another to be the upper
clectrode and the corresponding lower electrode with an
intermediate insulating layer formed therebetween. This
kind of metal-to-metal capacitor 1s known as “an inter-metal 35
capacitor’, wherein the metal electrodes are defined
(formed) 1n different metal layers during the process. Extra
mask layers and additional process are usually required to
form an inter-metal capacitor.

Another kind of metal-to-metal capacitor 1s “an intra- 40
metal capacitor’, wherein the metal electrodes are arranged
side-by-side 1 a dielectric layer wherein the intermediate
insulating layer 1s sandwiched between the sidewalls of
adjacent metal electrodes. Please refer to FIG. 1, which 1s a
schematic diagram exemplarily showing the structure of a 45
conventional intra-metal capacitor 15. The electrodes 12 and
14 of the intra-metal capacitor 135 are formed side-by-side 1n
the dielectric layer 16, and are completely separated by the
intervening dielectric layer 16, wherein the electrodes 12
and 14 are arranged 1n such a close proximity to be capaci- 50
tively coupled through the intervening dielectric layer 16
between their adjacent sidewalls. Conventionally, the elec-
trodes 12 and 14 of the intra-metal capacitor 15 as shown in
FIG. 1 are usually defined (formed) 1n a same metal layer of
an interconnecting structure at the same time, such as a layer 55
of metal routing or vias. The process of forming the intra-
metal capacitor 15 may be completely integrated with the
process of forming the layer of the interconnecting structure.
Therefore, extra masks and additional process may be
avolded. Furthermore, the sidewall area of the intra-metal 60
capacitor 15 may be enlarged and consequently a larger
capacitance may be achieved by, for example, forming
conductive structures respectively and directly stacking on
the top of the electrodes 12 and 14 1n the following process
of forming other layers of the interconnecting structure, and 65
eventually building “electrode walls” which are vertically
embedded through the layers of the interconnecting struc-

2

ture. In this way, extra layout area required for forming an
inter-metal capacitor with a larger capacitance 1s minimized.

However, since the electrodes 12 and 14 of the intra-metal
capacitor 15 are formed at the same time using a single
photo mask, the distance 18 between them 1s constrained to
the resolution limitation of the patterning process. In other
words, the thickness of the intermediate isulating layer (the
dielectric layer 16 between the sidewalls of the electrodes 12
and 14) 1s constrained to the minimum resolution (or called
the minimum pitch) of the patterning process of forming the
clectrodes 12, 14 and the layer of interconnecting structure,
resulting 1n a limited scalability 1n device shrinking or a
limited capacitance of the capacitor 15. Therelore, there 1s
still a need in the field to provide a novel intra-metal
capacitor and the manufacturing process of forming the
same which may be formed integrated with the process of
forming a semiconductor structure and the spacing between
the two electrodes 1s not constrained to the resolution
limitation.

SUMMARY OF THE INVENTION

It 1s one aspect of the present mvention to provide a
semiconductor structure comprising an intra-metal capaci-
tor. The semiconductor structure comprises a substrate and
a dielectric layer formed thereon. An intra-metal capacitor 1s
formed within the dielectric layer, wherein the intra-metal
capacitor comprises a {irst electrode and a second electrode,
and a layer of the dielectric layer with a pre-determined
thickness 1s sandwiched between the first electrode and the
second electrode.

According to one embodiment, the top ends of the first
clectrode and the second electrode are coplanar with the
upper surface of the dielectric layer.

According to another embodiment, the bottom end of the
first electrode 1s 1n direct contact with the substrate, and the
bottom end of the second electrode 1s not 1n direct contact
with the substrate.

It 1s another aspect of the present invention to provide a
method of forming a capacitor. The method of forming the
capacitor comprises the following steps. First, a substrate 1s
provided. A dielectric layer 1s then formed on the substrate.
A first patterning process 1s performed to form a first slot
through the whole thickness of the dielectric layer. Subse-
quently, a second patterning process 1s performed to form a
second slot in the dielectric layer and spaced apart from the
first slot 1n a pre-determined distance. The first slot and the
second slot are filled with a conductive material to form a
first electrode and a second electrode of the capacitor
respectively.

According to one embodiment, the depth of the second
slot 1s smaller than the depth of the first slot.

One feature of the present invention 1s that the intra-metal
capacitor 1s formed 1n the same dielectric layer by a multi-
mask approach, wherein multiple patterning processes uti-
lizing these mask individually are carried out to form the
intra-metal capacitor. Unlike the conventional method of
forming the electrodes of the intra-metal capacitor in the
same patterning process using a single photo mask, the
spacing between the electrodes of the intra-metal capacitor
of the present invention may be adjustable without concern-
ing the photolithographic resolution limitation of the pat-
terning process. Therefore, an mter-metal capacitor with a
thinner intermediate nsulating layer and consequently an
enlarged capacitance may be achieved. A larger degree of
s1ze minimization of the intra-metal capacitor may also be
realizable.
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These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
alter reading the following detailed description of the pre-
terred embodiment that 1s 1llustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram exemplarily showing a
conventional intra-metal capacitor structure;

FIG. 2 1s a schematic diagram illustrating the generic
concept of forming the intra-metal capacitor by a multi-
mask approach and multi-patterning process according to
the present invention;

FIG. 3 to FIG. 5 are schematic diagrams illustrating a first
embodiment of forming an intra-metal capacitor according
to the present invention;

FIG. 6 to FIG. 7 are schematic diagrams illustrating a
second embodiment of forming an intra-metal capacitor
according to the present invention, wherein the intra-metal
capacitor may have an enlarged capacitance;

FIG. 8 comprises schematic top-view diagrams showing,
various arrangements of the intra-metal capacitor according,
to other embodiments of the present invention; and

FIG. 9 comprises schematic cross-sectional diagrams
showing various arrangements of the intra-metal capacitor 1n
correspondence with FIG. 8.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings which form a part hereof, and
in which 1s shown, by way of illustration of specific embodi-
ments 1n which the mvention may be practiced. These
embodiments are described in suflicient detail to enable
those skilled in the art to practice the invention. Other
embodiments may be utilized and that structural, logical and
clectrical changes may be made without departing from the
spirit and scope of the present invention.

One or more implementations of the present immvention
will now be described with reference to the attached draw-
ings, wherein like reference numerals are used to refer to
like elements throughout, and wherein the 1llustrated struc-
tures are not necessarily drawn to scale.

Please note that the figures are only for illustration and the
figures may not be to scale. The scale may be further
modified according to different design considerations. When
referring to the words “up” or “down” that describe the
relationship between components 1 the text, 1t 1s well
known 1n the art and should be clearly understood that these
words refer to relative positions that can be inverted to
obtain a similar structure, and these structures should there-
fore not be precluded from the scope of the claims 1n the
present invention.

Please refer to FIG. 2, which 1s a schematic diagram
illustrating the generic concept of the present invention
wherein an 1ntra-metal capacitor 29 1s formed 1n the dielec-
tric layer 26 on the substrate 20 by a multi-mask approach.
The nght part of FIG. 2 exemplarily shows the overlaying of
two photo masks 22' and 24' to form a composite target
pattern comprising the pattern of the intra-metal capacitor.
The left part of FIG. 2 exemplarily shows that multiple
patterning processes individually utilizing one of the masks
22" and 24" are performed to form the structure comprising
the 1ntra-metal capacitor 29 in the dielectric layer 26.

As shown 1n FIG. 2, first, a substrate 20 1s provided with
a dielectric layer 26 formed thereon. According to one

10

15

20

25

30

35

40

45

50

55

60

65

4

embodiment, the substrate 20 may comprise semiconductor
devices (not shown) or interconnecting structures such as
metal lines or plugs (not shown) formed therein or thereon.
The top surface of the substrate 20 1s completely covered by
the dielectric layer 26. A first patterming process using the
mask 22' 1s then performed to define a plurality of first
conductive structures 22 and 22a in the dielectric layer 26.
After that, a second patterning process using the other mask
24' 1s performed to define a plurality of second conductive
structures 24 and 24a in the dielectric layer 26. The first
conductive structures 22, 22a and the second conductive
structures 24, 24a may comprise the same materials, such as
tungsten, copper and aluminum, but not limited thereto.
According to the embodiment, the first conductive structures
22, 22a and the second conductive structures 24, 24a may be
interleaved with each other, wherein the first conductive
structure 22a and the second conductive structure 24a are
arranged 1n a close proximity with a pre-determined distance
28 to each other to be able to capacitively coupled through
the portion of the dielectric layer sandwiched between their
adjacent sidewalls, that 1s, the intermediate dielectric layer
27. In other words, the closely arranged first conductive
structure 22a and the second conductive structures 24a and
the mtermediate dielectric layer 27 collectively form the
intra-metal capacitor 29, wherein the first conductive struc-
ture 22a and the second conductive structures 24a function
as the two electrodes.

As shown 1n FIG. 2, the two “electrodes™ 22a and 24a of
the 1intra-metal capacitor 29 are formed side-by side 1n the
dielectric layer 26 and are spaced apart by the intermediate
dielectric layer 27 which has a thickness determined by the
distance 28 between the adjacent sidewalls of the electrodes
22a and 24a. One advantage of the present invention 1s that,
the distance 28 1s substantially not limited to the resolution
limitations of either the first patterning process or the second
patterning process. In other words, the distance 28 between
the two electrodes 22a and 24a of the intra-metal capacitor
29 maybe formed smaller than the critical dimension (or
minimum pitch) of the first patterning process and the
second patterning process. Therefore, the capacitance of the
intra-metal capacitor 29 may be conveniently adjusted by
varying the distance 28 between the two electrodes 22a and
24a according to design needs without concerning the
resolution limitations (or minimum pitch).

It should be understood that although not illustrate here-
inabove, the process of forming the first conductive struc-
tures 22, 22a and the second conductive structures 24, 24a
may be a 2P2E1D process (2 photolithography-2 etching-1
conductive material filling) or a 2P1E1D process (2 photo-
lithography-1 etching-1 conductive material filling). As long
as the “patterns” of the first conductive structures 22, 22qa
and the second conductive structures 24, 24a are defined 1n
the dielectric layer using different photo masks 22' and 24",
it 1s included in the scope of the present invention.

FIG. 3 to FIG. 5 are schematic diagrams 1llustrating a first
embodiment of forming an intra-metal capacitor according
to the present invention. In the embodiment, the intra-metal
capacitor 1s formed integrated with the formation of the
device contact plugs.

Please refer to FIG. 3. Similarly, a substrate 30 1s pro-
vided. A dielectric layer 36 1s formed covering the main
surface 30a of the substrate 30. The substrate 30 may
comprise a silicon substrate, SOI substrate, silicon germa-
nium substrate or silicon carbide substrate, but not limited
thereto. According to the embodiment, the substrate 30 may
comprise at least an active region 34 and an 1solation region
32 adjacent to the active region 34. The active region 44 34
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may comprise at least a semiconductor device 50 and/or at
least a doped region 44 formed therein. An 1solation struc-
ture 42, such as a shallow trench 1solation (STI) structure,
may be formed in the 1solation region 32 to electrically
1solate the semiconductor device 50 and/or the doped region
44 formed 1n different active regions 34.

The semiconductor device 50 maybe a metal-oxide-semi-
conductor field-eflect transistor (IMOSFET), a bipolar junc-
tion transistor (BJT), a diode, a resistor, a capacitor, or any
other devices which may be fabricated on the substrate 30.
According to the embodiment, the semiconductor device 50
may have a conducting structure 54 having a thickness
formed above the main surface 30a of the substrate 30. The
conducting structure 54 may comprise metals or semicon-
ductor materials such as polysilicon, and may function as a
gate electrode, a conductive segment for interconnection or
a resistor segment of the semiconductor device 50, but not
limited thereto.

The doped region 44 may be a source/drain region, a
substrate butting region, a current drift region or a resistor
region of the semiconductor device 50, but not limited
thereto. The doped region 44 maybe formed in the substrate
30 by conventional 1on implantation process or epitaxial
growing process. The doped region 44 1s exposed from the
main surface 30a of the substrate 30 to be electrically
connected with other interconnecting structures, such as
contact plugs. According to the embodiment, the dielectric
layer 36 1s an interlayer dielectric (ILD) layer with a
substantially flat upper surtace 36a. Optionally, the dielec-
tric layer 36 may have a barrier layer or a contact etching
stop layer (not shown) formed along the interface between
the dielectric layer 36 and the substrate 30.

Please refer to FIG. 4. A first patterning process 1s
performed to form a plurality of the first device contact plugs
62 and a first contact plug 62a in the dielectric layer 36.
According to the embodiment, the first device contact plugs
62 and the first contact plug 62a may extend through the
whole thickness of the dielectric layer 36 and electrically
connect with the doped regions 44, for example, the source/
drain regions. According to the embodiment, the top end of
the first device contact plugs 62 and the first contact plug
62a are both exposed from the upper surface 36a of the
dielectric layer 36 to be further connected with other inter-
connecting structures such as vias or metal lines formed 1n
the following process. The bottom ends of the first device
contact plugs 62 and the first contact plugs 62a are in direct
contact with the main surface 30a of the substrate 30. It
should be noticed that although 1n the embodiment as shown
in FIG. 4, the bottom ends of the first device contact plugs
62 and the first contact plug 62a are both landing on and 1n
direct contact with the doped region 44, in other embodi-
ments as shown in FIG. 8 and FIG. 9 (will be illustrated
later), the bottom end of the first contact plug 62a may land
on the 1solation region 32 rather than land on the doped
region 44. Optionally, a silicide layer (not shown) may be
formed 1n the doped region 44 to be the contacting interface
for a lower contacting resistance.

Please refer to FIG. 5. Subsequently, a second patterning,
process 1s performed to form a plurality of second device
contact plugs 64 and second contact plug 64a 1n the dielec-
tric layer 36. According to the embodiment, the second
device contact plugs 64 may be electrically connected with
the conducting structure 34, for example, to be a gate
contact. It should be noticed that the second device contact
plugs 64 and the second contact plug 64a do not penetrate
through the whole thickness of the dielectric layer 36. As
shown 1n FIG. 5, the top ends of the second device contact
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plugs 64 and the second contact plug 64q are flush with the
top ends of the first device plugs 62 and the first contact plug
62a, and also exposed from the upper surface 36a of the
dielectric layer 36. The bottom ends of the second device
contact plugs 64 and the second contact plug 64a are at a
position above the main surface 30a of the substrate, and do
not come in direct contact with the main surface 30a.
According to the embodiment, the bottom end of the second
device contact plug 64 lands on the top portion of the
conducting structure 54 and electrically connects with the
conducting structure 54. It 1s noteworthy that the bottom end
of the second contact plugs 64a 1s substantially suspended at
a position 1n the dielectric layer 36 over the main surface
30a. Preferably, the heights of the second contact plugs 64
and 64a are the same. According to the embodiment, the first
contact plug 62a and the second contact plug 64a are
disposed 1n a close distance 68 from each other such that a
significant amount of capacitance may be obtained through
the capacitive coupling between the first contact plug 62a
and the second contact plug 64a through the intermediate
insulating layer 36a. The first contact plug 62a, the second
contact plug 64a and the intermediate isulating layer 365
are configured to collectively form an intra-metal capacitor
69, wherein the first contact plug 62a and the second contact
plugs 64a are the two electrodes respectively. The capaci-
tance of the intra-metal capacitor 69 may be adjustable by
varying the thickness of the intermediate insulating layer
36b, that 1s, by varying the distance 68 between the first
contact plug 62a and the second contact plug 64a. Accord-
ing to one embodiment of the present invention, the thick-
ness of the intermediate insulating layer 36a (also the
distance 68) 1s smaller than 50 nm, preferably, 1s smaller
than 25 nm. It should be understood that the dimensions (or
width) of the first device contact plugs 62, the first contact
plug 624, the second device contact plugs 64, and the second
contact plug 64a may be the same or different based on
design needs.

As 1llustrated previously, the first contact plug 62a and the
second contact plug 64a are formed in different patterning
processes. By this method, the distance 68 between them
may be adjustable without concerning the resolution limi-
tation (or called minimum pitch) of each of the patterning
process, and 1t 1s possible to form the distance 68 beyond the
resolution limitation of the patterning processes. A larger
capacitance of the intra-metal capacitor 69 may be corre-
spondingly achieved by disposing the first contact plug 624
and the second contact plus 64a 1n close proximity to form
thinner intermediate msulating layer 36a. It 1s also notewor-
thy that the electrode 62a of the intra-metal capacitor 69 1s
also a connecting plug for the doped region 44, wherein the
intra-metal capacitor 69 according to the present mvention
may be conveniently utilized by the semiconductor device
50.

Please refer to FIG. 6 to FIG. 7, which 1llustrate a second
embodiment of the present invention. In the second embodi-
ment, a larger capacitance may be obtained by stacking other
layers of conductive structures, such as metal or vias, over
the first contact plug 62a and the second contact plug 64a.

According to the second embodiment, another dielectric
layer 38 1s formed on the dielectric layer 36. Similarly, a
plurality of first metal structures 72, 72a and a plurality of
second metal structures 74, 74a are formed 1n the dielectric
layer 38 successively by two patterning process as shown 1n
FIG. 6 and FIG. 7. The first metal structures 72, 72a and
second metal structures 74, 74a penetrate through the whole
thickness of the dielectric layer 38. The top ends of the first
metal structures 72, 72a and the second metal structures 74,
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74a are all exposed from the upper surface 38a of the
dielectric layer 38 for further interconnection. The bottom
ends of the first metal structures 72, 72a and the second
metal structures 74, 74a are flush with each other and 1n
direct contact with the corresponding first device contact
plug 62, the first contact plug 624, the second device contact
plug 64 and the second contact plug 64a respectively.
According to the embodiment, the first metal structure 72a
over the first contact plug 62a and the second metal structure
74a over the second contact plug 64a are also capacitively
coupled through the intermediate insulating layer 386 to
provide another significant amount of capacitance. Conse-
quently a larger overall capacitance 1s obtained. It should be
understood that the dimensions of the first metal structures
72, 7T2a and the second metal structures 74, 74a may be the
same or different.

Please retfer to FIG. 8 and FIG. 9, which 1illustrate various
arrangements of the intra-metal capacitor according to other
embodiments of the present invention.

As shown i1n FIG. 8, various arrangements of the first
contact plug 162a (the first electrode of the capacitor 169)
and the second contact plug 164a (the second electrode of
the capacitor 169) are provided 1n regard to the active region
134, the 1solation region 132 and the conducting structure
154 over either the active region 134 or the isolation region
132 from the top views. It should be understood that the
shapes shown 1n the top views of the first contact plug 1624
and the second contact plug 164a are exemplary. Other
shapes may be also applicable.

In a first arrangement, the capacitor 169 1s disposed across
the boundary of the active region 134 and the 1solation
region 132. For example, as shown 1n the upper-left part of
FIG. 8, the first contact plug 162a 1s formed completely
within the area over the active region 134 and the second
contact plug 164a 1s formed completely within the area over
the 1solation region 132. It should be understood that the
position of the first contact plug 162a and the second contact
plug 164a may be exchanged. In a second arrangement, the
capacitor 169 1s completely disposed over the 1solation
region 132, as shown 1n the lower-left part of FIG. 8. In a
third arrangement, as shown 1n the upper-right part of FIG.
8, a conducting structure 154 1s directly disposed over the
1solation region 132, and the capacitor 169 1s disposed
across the edge of the conducting structure 154, wherein the
first contact plug 162a 1s disposed completely within the
area above the 1solation region 132 and the second contact
plug 164a 1s disposed completely within the area above the
conducting structure 154. In a fourth arrangement, as shown
in the lower-right part of FIG. 8, a conducting structure 154
1s directly disposed over the active region 134, and the
capacitor 169 1s disposed across the edge of the conducting
structure 154, wherein the first contact plug 1624 1s disposed
completely within the area above the active region 134 and
the second contact plug 164a 1s disposed completely within
the area above the conducting structure 154.

Please refer to FIG. 9, which comprises schematic cross-
sectional diagrams showing various arrangements of the
intra-metal capacitor 1n correspondence with FIG. 8.

Similarly, 1n a first arrangement, the capacitor 269 1is
disposed across the boundary of the doped region 244 and
the 1solation structure 242. As shown 1n the upper-left part
of FIG. 9, the first contact plug 262a 1s formed completely
within the area over the doped region 244 and the second
contact plug 264a 1s formed completely within the area over
the 1solation structure 242. It should be understood that the
position of the first contact plug 262a and the second contact
plug 264a may be exchanged. In a second arrangement, the
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capacitor 269 1s completely disposed over the i1solation
structure 242, as shown in the lower-left part of FIG. 9. In
a third arrangement, as shown 1n the upper-right part of FIG.
9, a conducting structure 254 1s directly disposed over the
isolation structure 242, and the capacitor 269 1s disposed
across the edge of the conducting structure 254, wherein the
first contact plug 262a 1s disposed only over the 1solation
structure 242 and the second contact plug 264a 1s disposed
over the conducting structure 254. In a fourth arrangement,
as shown 1n the lower-right part of FIG. 9, a conducting
structure 2354 1s disposed over the substrate 230 and adjacent
to the doped region 244, wherein the capacitor 269 1s
disposed across the edge of the conducting structure 254
with the first contact plug 262a disposed over the doped
region 244 and the second contact plug 264a disposed over
the conducting structure 254.

It should be understood that although the intra-metal
capacitors shown in the embodiments illustrated previously
comprise two electrodes (plates), the present ivention 1s
also applicable to form intra-metal capacitors having multi-
layers of electrodes, wherein a plurality of the first elec-
trodes and a plurality of the second electrodes are inter-
leaved 1n the dielectric layer to form a plurality of seral-
connected capacitors.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaiming the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A method of forming a semiconductor structure, com-
prising:

providing a substrate having a conducting structure dis-

posed thereon;

forming a dielectric layer over the substrate and the

conductive structure;

performing a first patterning process to form a first contact

plug through the whole thickness of the dielectric layer
and directly contacting the substrate; and

performing a second patterning process to form a device

contact plug and a second contact plug 1n the dielectric
layer, a bottom end of the device contact plug directly
contacting the conductive structure, a bottom end of the
second contact plug being completely covered by the
dielectric layer, the second contact plug being 1n close
proximity to one side of the first contact plug and
spaced apart from the {first contact plug 1n a pre-
determined distance, wherein the first contact plug and
the second contact plug and a portion of the dielectric
layer sandwiched therebetween are configured to form
a capacitor, wherein the first contact plug and the
second contact plug are two electrodes of the capacitor,
respectively.

2. The method of forming a semiconductor structure
according to claim 1, wherein a top end of the second contact
plug 1s tlush with a top end of the first contact plug, and a
bottom end of the second contact plug 1s at a horizontal level
higher than a bottom end of the first contact plug.

3. The method of forming a semiconductor structure
according to claim 1, wherein the substrate comprises an
1solation region and an active region bordering the 1solation
region, and a semiconductor device 1s formed on the active
region ol the substrate before forming the dielectric layer.

4. The method of forming a semiconductor structure
according to claim 3, wherein an another device contact plug
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1s formed 1n the dielectric layer by the first patterning
process to electrically connect to the semiconductor device.

5. The method of forming a semiconductor structure
according to claim 4, wherein the semiconductor device 1s
turther electrically connected to the first contact plug. 5

6. The method of forming a semiconductor structure
according to claim 1, wherein the first contact plug, the
second contact plug and the device contact plugs comprise
a same conductive matenal.

7. The method of forming a semiconductor structure 10
according to claim 3, wherein the first contact plug and the
second contact plug are formed completely above the 1so0-
lation region of the substrate.

8. The method of forming a semiconductor structure
according to claim 1, wherein a pre-determined thickness of 15
the dielectric layer sandwiched between the first contact
plug and the second contact plug i1s determined by the
pre-determined distance between the first contact plug and
the second contact plug which 1s smaller than a photolitho-
graphic resolution limitation of the first patterming process 20
and the second patterning process.

9. The method of forming a semiconductor structure
according to claim 3, wheremn a bottom end of the first
contact plug 1s electrically 1solated by being disposed on the
1solation region of the substrate. 25

10. The method of forming a semiconductor structure
according to claim 1, wherein a bottom end of the second
contact plug 1s electrically 1solated by being completely
covering by the dielectric layer.
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